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e−τ ˆ H ψT (R) = e−τ ˆ H a0ψ0 + a1ψ1 + a2ψ2 + ...[ ]
                = a0e

−τE0ψ0 + a1e
−τE1ψ1 + a2e

−τE2ψ2 + ...

€ 

    ψ i+1(R) = e−τ ˆ H ψ i(R)
lim
i→∞

ψ i(R) =ψ0(R)

Project	
  out	
  the	
  many-­‐body	
  ground-­‐state	
  wave	
  func=on:	
  

Increased	
  
weight	
  

Reduced	
  
weight	
  

Reduced	
  
weight	
  

Approach	
  the	
  ground	
  state	
  itera=vely:	
  

€ 

e−τ ˆ H ≡ e−τ( ˆ T + ˆ V ) ≈ e−τ ˆ T e−τ ˆ V e−O(τ 2 )

For	
  small	
  =me	
  steps,	
  τ,	
  split	
  the	
  	
  
kine=c	
  and	
  poten=al	
  operators:	
  





Approxima=ons	
  in	
  current	
  QMC	
  calcula=ons:	
  

• 	
  Slater	
  determinant	
  is	
  constructed	
  from	
  DFT	
  orbitals	
  
• 	
  Geometries	
  may	
  be	
  taken	
  from	
  DFT	
  
• 	
  Pseudopoten=als	
  are	
  used	
  in	
  most	
  cases	
  	
  





Method comparison 

  QMC and GW: agreement 
  GGA:  

 Underestimates gap by 4eV  
 40% difference in pressure 
 20% difference in density 

Solid helium metallizes at extreme pressure of 25.7 TPa. 
This transition is important for the heat transfer in 
hydrogen-poor white dwarfs.  
Khairallah & Militzer, Phys. Rev. Lett. 101 (2008) 106407 

→QMC	
  done	
  with	
  Casino	
  code	
  (Cambridge).	
  
White	
  dwarf	
  layers:	
  



1)	
  Quartz	
  and	
  Coesite	
  are	
  4-­‐fold	
  coordinated	
  
2)	
  S=shovite	
  and	
  post-­‐s=shovite	
  phases	
  are	
  6-­‐fold	
  coordinated	
  
3)	
  S=shovite	
  undergoes	
  a	
  ferroelas=c	
  transi=on	
  (2nd	
  order)	
  to	
  CaCl2	
  
4)	
  α-­‐PbO2	
  is	
  the	
  last	
  structural	
  change	
  before	
  reaching	
  core-­‐mantle	
  boundary	
  



● LDA	
  tends	
  to	
  predict	
  structural	
  proper=es	
  of	
  given	
  phases	
  beYer	
  than	
  GGA	
  (laZce	
  and	
  elas=c	
  constants)	
  
● LDA	
  fails	
  to	
  predict	
  the	
  quartz-­‐s=shovite	
  transi=on;	
  GGA	
  gets	
  it	
  correct.	
  
● Why?	
  possibly	
  because	
  6-­‐fold	
  coordinated	
  s=shovite	
  has	
  more	
  homogeneous	
  charge	
  density	
  	
  
than	
  4-­‐fold	
  coordinated	
  quartz	
  and	
  coesite.	
  GGA	
  is	
  able	
  to	
  accomodate,	
  but	
  LDA	
  is	
  not.	
  
(However,	
  LDA	
  does	
  beYer	
  than	
  GGA	
  for	
  the	
  quartz-­‐coesite	
  transi=on)	
  
● DFT	
  func=onals	
  can	
  be	
  unreliable;	
  there	
  is	
  no	
  func=onal	
  which	
  can	
  provide	
  exact	
  results	
  
● QMC	
  explicitly	
  computed	
  the	
  exchange	
  and	
  correla=on,	
  offering	
  much	
  beYer	
  accuracy	
  and	
  reliability.	
  

● John	
  Wilkins'	
  group	
  works	
  on	
  inters==al	
  defects	
  in	
  silicon,	
  silica,	
  and	
  magnesium	
  silicate	
  calcula=ons	
  with	
  QMC.	
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K.	
  Driver	
  et	
  al.	
  submi-ed	
  to	
  Proc.	
  Nat.	
  Acad.	
  Sci.	
  (2009)	
  	
  



On a coarse scale the equation of state looks fine 

• 	
  The	
  goal:	
  A	
  new	
  pressure	
  scale	
  for	
  diamond	
  anvil	
  experiments	
  
• 	
  Calibrate	
  using	
  highly	
  accurate	
  simula=ons	
  rather	
  than	
  experiments.	
  
• 	
  First	
  all	
  electron	
  QMC	
  calcula=ons	
  for	
  solids	
  heavier	
  than	
  H	
  and	
  He.	
  
• 	
  The	
  pseudopoten=al	
  approxima=on	
  avoided.	
  
• 	
  Shown	
  that	
  Goncharov’s	
  experiments	
  are	
  more	
  accurate.	
  

Ken	
  Esler	
  et	
  al.	
  submi-ed	
  to	
  Phys.	
  Rev.	
  LeC.	
  (2009)	
  	
  





Speed	
  up	
  is	
  a	
  result	
  of	
  new	
  way	
  to	
  parallelize	
  the	
  QMC	
  algorithm	
  (Esler,	
  Kim	
  &	
  Ceperley	
  at	
  UIUC):	
  	
  

Standard	
  way	
  to	
  distribute	
  work	
  among	
  
CPUs	
  using	
  OpenMP/MPI:	
  

Loop	
  over	
  MC	
  genera=on	
  
	
  Loop	
  of	
  walkers	
  on	
  many	
  CPUs	
  
	
   	
  Loop	
  over	
  par=cles	
  
	
   	
   	
  MC	
  move	
  
	
   	
   	
  Reweight	
  +	
  branch	
  
	
   	
   	
  …	
  
	
   	
  end	
  
	
  end	
  

end	
  	
  
	
   	
   	
  	
  

New	
  way	
  to	
  distribute	
  work	
  among	
  GPUs	
  	
  

Loop	
  over	
  MC	
  genera=on	
  
	
  Loop	
  of	
  par=cles	
  
	
   	
  Loop	
  over	
  walkers	
  4096+	
  threads	
  per	
  GPU	
  
	
   	
   	
  MC	
  move	
  
	
   	
  end	
  
	
  end	
  
	
  Loop	
  of	
  par=cles	
  
	
   	
  Loop	
  over	
  walkers	
  4096+	
  threads	
  per	
  GPU	
  
	
   	
   	
  Reweight	
  +	
  branch	
  
	
   	
  end	
  
	
  end	
  
	
  …	
  

end	
  	
  

Single	
  precision	
  is	
  also	
  used	
  whenever	
  possible.	
  


